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(54) OPTICAL SCANNING PROBE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
optical scanning probe device usable for 
obtaining an observed image again by exchanging 
a sheath part, even if the inside of the sheath is 
damaged. 

SOLUTION: This probe device has such a 
structure that a fourth single mode fiber 1 0 is 
arranged inside a flexible shaft 40 inserted into 
an optical sheath 38 of an optical scanning 
probe, and that a connector part 9 on the base 
end side of the optical sheath 38 is detachably 
attached to a rotary driving device 13 of an 
observation device, and that the base end of the 
optical sheath 38 is detachably connected to a 
connector part 87 projected to the front of a 
sheath stopper 86. Therefore, even if the inside 
of the optical sheath 38 is damaged, the optical scanning probe can be used again 
by dismantling and exchanging the optical sheath 38 part. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A light-scanning probe device characterized by comprising the following 
for optical imaging instruments which builds a tomogram for analyte from 
information on light which irradiated analyte with low coherence light and were 
scattered about in analyte. 

Comprise a resin tube with most flexible overall lengths, and the tip at least is 
provided inside a portion currently formed for a good raw material of the light 
transmittance state of a sheath and a sheath currently formed for a good raw 
material of a light transmittance state, Outgoing radiation and an incidence part of 
light which turns light to the sheath inside, emits it, irradiates analyte of the sheath 
outside with the transmitted light, penetrates a sheath and enters the reflection, 
dispersion, and excitation light from analyte 

Sheaths are outgoing radiation and the incidence part of light at least. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 
reflect the original precisely. 

2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention irradiates analyte with low coherence light, 
and relates to the light-scanning probe device for building the tomogram for 
analyte from the information on the lights scattered in analyte 
[0002] 

[Description of the Prior Art]In recent years, when diagnosing a body tissue, OCT 
(optical coherence tomography) of the interference pattern which obtains the 
tomogram to analyte is indicated by for example, the Patent Publication Heisei No. 
511312 [ six to ] gazette, using low coherence light as a device which can acquire 
the optical information of an in-house part. 

[0003]In the Patent Publication Heisei No. 511312 [ six to ] gazette, the light- 
scanning probe device (it is only hereafter written as an optical probe or a probe) 
which formed the rotation tube with which the optical fiber and the optical element 
were provided inside to the tube shape sheath of the outside for inserting into the 
abdominal cavity is indicated. 

[0004] However, since there is no attachment-and-detachment means of a probe, 
washing and sterilization required for use within the abdominal cavity cannot be 
performed. Since optical elements, such as prism at a tip, are exposed and are 
rotating to an outer sheath, there is a possibility of wounding a living body. 
[0005]The removable optical probe for OCT is indicated by the application for 
patent No. 313924 [ nine to ] to it. It had a removable connector area, and has 
covered and sealed with the transparent sheath to optical elements, such as prism 
at a tip. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when inserting a probe in the 
forceps hole of an endoscope with this art and inserting into the abdominal cavity 
etc., When a probe curves, it contacts, while the supporter of the optical element 
at a tip rotates inside an outer sheath, There was a problem of damaging the inside 
of an outer sheath, degrading the optical property of an outer sheath since the 
scattered reflection of light arises by the part, having interrupted the OCT 
irradiation light and the observation light from a living body which are emitted from 
an optical element, and degrading observation capacity. 
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[0007]Even if the ****** part of a sheath was not a position of irradiation light and 
observation light, in order that a rotation sheath might get mixed up and move to 
the position of an outer sheath with the curved shape of a probe, there was a 
problem that the part which got damaged appeared in the place of observation 
light. 

[0008](The purpose of an invention) Also when it is made in view of the point 
mentioned above and the inside of a sheath gets damaged, this invention, It aims at 
providing the light-scanning probe device which can obtain observation images by 
exchanging sheath portions using the same light-scanning probe device without 
using another light-scanning probe device 
[0009] 

[Means for Solving the Problem]It is a light-scanning probe device for optical 
imaging instruments which builds a tomogram for analyte from information on light 
which irradiated anaiyte with low coherence light and were scattered about in 
analyte, Comprise a resin tube with most flexible overall lengths, and the tip at 
least is provided inside a portion currently formed for a good raw material of the 
light transmittance state of a sheath and a sheath currently formed for a good raw 
material of a light transmittance state, Outgoing radiation and an incidence part of 
light which turns light to the sheath inside, emits it, irradiates analyte of the sheath 
outside with the transmitted light, penetrates a sheath and enters the reflection, 
dispersion, and excitation light from analyte, When a portion of a sheath in which 
outgoing radiation and an incidence part of light were provided at least makes it 
exchangeable and an inner surface of a sheath gets damaged, it enables it to 
observe by exchanging only the sheath which got damaged 
[0010] 

[Embodiment of the Invention]Hereafter, an embodiment of the invention is 
described with reference to drawings. 

(A 1 st embodiment) Drawing 1 thru/or drawing 8 start a 1 st embodiment of this 
invention, Drawing 1 shows the entire configuration of the optical imaging 
instrument provided with the light-scanning probe device of a 1st embodiment of 
this invention, Drawing _2_shows the endoscope in which a light-scanning probe 
device is inserted, and drawin g 3 shows the composition of a light-scanning probe 
device and a rotary drive, Drawing 4 shows the composition by the side of the tip 
of a light-scanning probe device, the composition by the side of the tip of the 
light-scanning probe device of composition of that d raw ing 4 differs in drawing 5 is 
shown, d rawin g_6_and drawing 7 show the composition by the side of the tip of the 
light-scanning probe device of composition of differing further, and drawing 8 
shows the detailed composition of a connector area. 

[0011]The purpose of this embodiment is to provide an observable optical probe 
device by making a sheath exchangeable, even if the inner surface of an outer 
sheath gets damaged. It is in providing the optical probe device with which the 
inner surface of an outer sheath does not get damaged easily by providing a 
curved surface part in the attaching part of an optical element. 
[0012]By enclosing index matching water with an outer sheath lumen, reflection of 
an outer sheath inner surface is attenuated and it is in providing the optical probe 
device which can prevent a ghost. Even if reflection of an outer sheath inner 
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surface is attenuated and the inner surface of an outer sheath gets damaged by 
enclosing index matching water with an outer sheath lumen, it has the influence by 
the scattered reflection of a crack on providing the optical probe device made 
small. 

[0013]It is in providing the optical probe device which can enclose index matching 
water after attachment and detachment by forming a watertight seal in the 
detaching part of a sheath, and providing the irrigation hole of an index matching 
water seal necessity in a connector area. It is in providing the optical probe device 
which can shorten hard length by furthermore providing the joined part of a 
rotation tube within the limits of the length of an optical fiber joining member. 
[0014]The optical imaging instrument (optical fault image device) 1A shown in 
drawing jjias formed the low coherence light sources 2, such as a super-high- 
intensity light emitting diode (the following, SLD, and brief sketch), in the 
observation device 27. That wavelength is 1 300 nm and this low coherence light 
source 2 is provided with the feature of low coherence light which shows 
coherence only in the short range scale of as [ whose coherence length of that is 
about 1 7 micrometers ]. That is, when the difference of two light path length to the 
point mixed from the point which branched when it was mixed again, after 
branching this light to two is in the short range scale which is about 1 7 
micrometers, it is detected as a light in which it interfered, and when light path 
length is larger than it, the characteristic in which it does not interfere is shown. 
[0015]The light of this low coherence light source 2 enters into the end of the 1st 
single mode fiber 3, and is transmitted to the end face (apical surface) side of 
another side. Image formation of this 1 st single mode fiber 3 is carried out in the 
intermediate optical coupler part 4 as optically as the 2nd single mode fiber 5. 
Follow. It is branched and transmitted to two in this optical coupler part 4. 
[0016]In the tip (optical coupler part 4) side of the 1st single mode fiber 3. The 
optical rotary joint 6 which performs combination which can transmit light by the 
non rotating part and a rotary part is inserted, At the tip of the 3rd single mode 
fiber 7 in this optical rotary joint 6, a light-scanning probe device of a 1st 
embodiment. (A following and light-scanning probe or an optical probe, and a brief 
sketch) The connector area 9 of 8 can detach and attach freely, and it is 
connected, and it is inserted in in this light-scanning probe 8, and the light of the 
low coherence light source 2 is transmitted to the 4th single mode fiber 10 to 
rotate (light guide). 

[001 7]And the transmitted light is irradiated, being scanned from the tip side of the 
light-scanning probe 8 at the body tissue 1 1 side as analyte. A part of catoptric 
light carried out, such as dispersion the surface or inside the body tissue 1 1 side, 
is incorporated, It returns to the 1 st single mode fiber 3 side through a reverse 
optical path, the part moves to the 2nd single mode fiber 5 side by the optical 
coupler part 4, and it enters into the photo-diode 12 as a photodetector from the 
end of the 2nd single mode fiber 5. The rotor side of the optical rotary joint 6 is 
rotated with the rotary drive 1 3. 

[0018]The variable mechanism 14 of the light path length who changes the light 
path length of standard light is formed in the tip side from the optical coupler part 
4 of the 2nd single mode fiber 5. 1st light-path-length change means by which only 
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the light path length of this scanning zone changes at high speed corresponding to 
the light path length to whom this light path length's variable mechanism 14 scans 
only a predetermined scanning zone to the depth direction of the body tissue 1 1 
with the light-scanning probe 8, It has the change means of the 2nd light path 
length who can change the light path length about the variation in the length so 
that the variation in the length of each light-scanning probe 8 at the time of 
exchanging and using the light-scanning probe 8 can be absorbed 
[0019]It counters at the tip of the 2nd single mode fiber 5, and is attached on the 
1 axis stage 18 with this tip, and the grating 16 is arranged via the collimate lens 
30 and the lens 15 which can move in the direction shown in the arrow a freely 
moreover — passing this grating (diffraction grating) 16 and the corresponding lens 
17 - a minute angle — the rotatable galvanometer 1 9 being attached as the 1st 
light path length's change means, and, By the galvanometer controller 20 this 
galvanometer mirror 19 vibrates in rotation at high speed, as the numerals b show 
L0020JThis galvanometer mirror 19 is reflected by the mirror of a galvanometer 
and the mirror which impressed the driving signal of exchange to the galvanometer 
and was attached to that movable part is vibrated in rotation at high speed. That 
is, a driving signal is impressed by the galvanometer controller 20 so that only a 
predetermined distance can be scanned at high speed to the depth direction of the 
body tissue 1 1 with the light-scanning probe 8, and as the numerals b show with 
this driving signal, it vibrates in rotation at high speed. 

[0021] And it is emitted from the end face of the 2nd single mode fiber 5 by this 
rotation vibration, and only the scanning zone of a predetermined distance which 
the light path length of the light which is reflected by the galvanometer mirror 19 
and returns scans to the depth direction of the body tissue 1 1 changes That is 
the change means of the 1st light path length for obtaining the tomogram for a ' 
depth direction is formed by the galvanometer mirror 19. The change means of the 
light path length by this galvanometer mirror 1 9 is indicated by SCIENCE VOL 276 
1997, and pp2037-2039. 

[0022]The 2nd single mode fiber 5 and collimate lens 30 are provided on the freely 
movable 1 axis stage 1 8, as the numerals a show to the optical axis direction and 
they serve as the 2nd light path length's change means. The fiber loop 29 for the 
polarization plane control for removing the influence of the birefringence produced 
by bending of the whole interference system which comprises a fiber, and the fiber 
in the light-scanning probe 8 is formed in the 2nd single mode fiber 5. 
[0023]On the other hand, the 1 axis stage 18 forms the variable means of the 2nd 
light path length who has a variable range of only the light path length who can 
absorb the variation in the light path length of the light-scanning probe 8 to the 
case where the light-scanning probe 8 is exchanged, and. The position considered 
as a request when ****(ing) light path length by the galvanometer mirror 1 9 and 
acquiring the picture of a depth direction. (For example, even when the tip of the 
light-scanning probe 8 has not stuck on the surface of a body tissue by changing 
the light path length by the 1 axis stage 18) He is trying to also have the function 
of an adjustment device to adjust offset so that it can image from the surface 
position, by setting it as the state of interfering from the surface position of the 
body tissue 1 1 . 
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[0024]This 1 axis stage 18 is provided with the motor for stage movement, and 
moves in the direction shown with the numerals a in the 1 axis stage 1 8 by 
impressing a driving signal to that motor with the position control apparatus 21. It 
is mixed with the light which leaked from the 1st single mode fiber 3 side in the 
coupler part 4 provided in the middle of the 2nd single mode fiber 5, and the light 
into which light path length was changed by this light path length's variable 
mechanism 14 is received with both the photo-diodes 12. 

[0025]The light path length from the optical coupler part 4, for example to [ after 
the 2nd single mode fiber 5 has set up the 1 axis stage 18 near the mid-position of 
the variable range / from the tip of the light-scanning probe 8 ] the body tissue 1 1 
through the 4th single mode fiber 9 grade, It is set up so that the light path length 
reflected by the galvanometer mirror 1 9 on the 1 axis stage 1 8 through the 2nd 
single mode fiber 5 may become almost equal length. 

[0026]And by carrying out variable setting out of the position of the 1 axis stage 
18 according to the light-scanning probe 8 used actually connecting, By absorbing 
the variation in the length of each light-scanning probe 8, and rotation vibrating or 
high-speed vibrating the galvanometer mirror 19 at high speed, and changing 
periodically the light path length of the standard light side, The catoptric light in 
the depth position of the body tissue 1 1 used as a value equal to this light path 
length is made to interfere, and it enables it to make the catoptric light in other 
depth portions into noninterfering. 

[0027]After the signal by which photoelectric conversion was carried out with the 
above-mentioned photo-diode 12 is amplified by AMBU 22, it is inputted into the 
demodulator 23. In this demodulator 23, recovery processing which extracts only 
the signal part of light in which it interfered is performed, and that output is 
inputted into the computer 25 through A/D converter 24. The image data 
corresponding to a tomogram is generated, it outputs to the MO 2 evening 26, and 
the OCT image 26a is expressed to that display surface as this computer 25. This 
computer 25 is connected with the position control apparatus 21, and the 
computer 25 controls the position of the 1 axis stage 18 via the position control 
apparatus 2. The computer 25 is connected with the video synchronous circuit 28, 
and tomogram data is stored in an internal memory synchronizing with the video 
synchronizing signals at the time of imaging. 

[0028]The video synchronizing signals of this video synchronous circuit 28 are sent 
also to the galvanometer controller 20 and the rotary drive 13, respectively, For 
example, the galvanometer controller 20 outputs a driving signal with the cycle in 
sync with video synchronizing signals (the 1st high-speed video synchronizing 
signals [ in / specifically / two video synchronizing signals a high speed and a low 
speed, ]), The rotary drive 13 outputs the driving signal which synchronized with 
the 1st video synchronizing signals with the cycle in sync with video synchronizing 
signals (specifically the 2nd low-speed video synchronizing signals), and he is 
trying to scan light to a hoop direction by rotation by the rotary drive 13. 
[0029]The light-scanning probe 8 of a 1st embodiment can make the tip side of the 
tip opening to the light-scanning probe 8 project through the channel for forceps 
insertion from the forceps insertion port 32 of the endoscope 31, as shown in 
drawing 2. It has the flexible insert portion 33 by thin length so that it may be easy 
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to insert this endoscope 31 into the abdominal cavity, and the wide-width final 
controlling element 34 is formed in the back end of this insert portion 33 The 
forceps insertion port 32 is formed near the back end of this insert portion 33 and 
this forceps insertion port 32 is open for free passage with the channel for forceps 
insertion by that inside. 

[0030]The light guide which is not illustrated is inserted in in the insert portion 33 
the incidence edge of this light guide is connected to light equipment, it is emitted 
from the lighting window which transmitted the illumination light and was provided 
in the tip part of the insert portion 33, and the affected part etc. are illuminated. A 
lighting window is adjoined and an observation port is provided, and an objective 
optical system is attached to this observation port, and it enables it to observe the 
affected part etc. which were illuminated to an optical system. And it irradiates 
with low coherence light, the fault image data inside the body tissue 1 1 is obtained, 
and it enables it to display the OCT image 26a on the display surface of the MO 2 
evening 26 with the light-scanning probe 8 under observation of the observation 
optical system of the tip part of the endoscope 31 at the body tissue 1 1 side of 
the portion which the affected part etc. observe. 

[0031]The bend 35 and (endoscope) the tip part 36 are formed in the tip part of 
the insert portion 33. When making the tip 37 of the light-scanning probe 8 project 
from the endoscope tip part 36 and making [ making the light-scanning probe 8 
insert through the bend 35, and ] the body tissue 1 1 touch, as shown in drawing 2 , 
the tip part 36 of a light-scanning probe curves with a small curvature radius. 
[0032]Pj^wLng_3„shows the composition of the outline of the light-scanning probe 
8 and the rotary drive 13. The optical sheath 38 which comprised a tubular resin 
tube with the long and slender light-scanning probe 8 as shown in drawing 3 . The 
connector area 9 which connects the sheath 38 to the rotary drive 13, and the 
flexible shaft 40 which is provided inside the optical sheath 38, rotates free, and 
transmits torque, The 4th single mode fiber 10 provided in the lumen of the flexible 
shaft 40, It consists of the lens unit 39 connected at the tip of the flexible shaft 
40, the rotation transmission connector 42 connected to the back end of the 
flexible shaft 40, and the optical connector 41 connected to the back end of the 
4th single mode fiber 10. 

[0033]The rotary drive 13 to which the back end of this light-scanning probe 8 is 
connected has the optical rotary joint 6 connected to the rotating shaft 43 in the 
air and the back end of this rotating shaft 43. The optical connector 41 is formed 
in the tip part of this rotating shaft 43, and this optical connector 41 and the 
optical rotary joint 6 are connected by the 3rd single mode fiber 7 arranged in the 
centrum of the rotating shaft 43. 

[0034]The motorized pulley 44a which the rotary drive 13 has the encoder 45 
which detects rotation of the motor 44 turning around the rotating shaft 43, and its 
rotating shaft 43, and was attached to the axis of rotation of the motor 44, The 
encoder belt pulley 45a and the rotating shaft 43 which were attached to the axis 
of rotation of the encoder belt pulley 45a are built over the belt 46. The motor 44 
and the encoder 45 are connected to the rotation controller 48. 
[0035]Next, an operation of this rotary drive 13 is explained first. Rotation of the 
motor 44 is transmitted to the motorized pulley 44a, and is transmitted to the 
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rotating shaft 43 and the encoder belt pulley 45a by the belt 46. The encoder 45 
detects the revolving speed of the rotating shaft 43, and controls the driving 
current of the motor 44 by the rotation controller 48 to become the speed as 
which the revolving speed was specified. As for this, the rotating shaft 43 rotates 
uniformly at the specified speed. The angle of rotation of the rotating shaft 43 is 
detected by the encoder 45, and the signal 49 is sent to the video synchronous 
circuit 28 side via the rotation controller 48. 

[0036]This signal 49 becomes B phase signal 49b with the phase shift of 45 
degrees of a B phase, and one rotation to the A phase signal 49a which is an A 
phase which is the pulse which divided one rotation by 256 pulses, and this A 
phase from the one rotation signal 49c which is 1 time of a pulse. 
[0037]Next, an operation of the light-scanning probe 8 is explained. The light 
transmitted by the 3rd single mode fiber 7 is transmitted to the 4th single mode 
fiber 10 by the optical connector 41. Rotation of the rotating shaft 43 is 
transmitted to the flexible shaft 40 by the rotation transmission connector 42. 
[0038]The transmit light of the 4th single mode fiber 10 is transmitted to the lens 
unit 39, it is emitted outside as inspection light through the optical sheath 38, 
receives the catoptric light from a body tissue, and transmits it to the 4th single 
mode fiber 10 again. Since the tip of the FUREKISHIBU shaft 40 is connected to 
the lens unit 39, the flexible shaft 40, the lens unit 39, and the 4th single mode 
fiber 1 0 rotate by one. The back end side of the optical sheath 38 has structure 
connected to the base part 87 provided in the sheath stop 86 so that it might 
mention later with reference to drawing 8 enabling free attachment and 
detachment. 

[0039] Drawing jHA) shows the detailed composition of the light-scanning glove 8. 
The optical sheath 38 comprises resin homogeneous as this, for example, and 
serves as the supple resin tube 50a from the end member 50b which blockades the 
tip opening of the resin tube 50a, and the resin tube 50a and the end member 50b 
are joined by hot welding. The lens unit 39 consists of the lens frame 54 holding 
the prism 51 which changes the emission direction of low coherence light, the 
faraday rotator (Faraday rotator) 52 turning around the plane of polarization of low 
coherence light, the condensing GRIN lens 53, and these. The 4th single mode fiber 
10 is pasted up on the ferrule 55 with the adhesives 57 of the back end of the 
ferrule 55. 

[0040]The lens unit 39, the ferrule 55, and the flexible shaft 40 are connected by 
the connector member 56 in the air. The tip of the flexible shaft 40 is inserted in 
the connector member 56, and the connecting lock is pasted up and carried out 
with the adhesives 58. 

[0041]The low coherence light transmitted along with the medial axis O of the 4th 
single mode fiber 10 is emitted from the fiber end 10a at the tip, It is entered and 
condensed by the GRIN lens 53 which counters, and a direction can be further 
bent right-angled with the prism 51 through the faraday rotator 52, and the sheath 
50a is penetrated, and it becomes the observation beam 62, and condenses to the 
focus 63. 

[0042]As for the tip side of the optical sheath 38, the resin tube 50a of the portion 
which more specifically counters the prism 51 at least is formed for the good raw 
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material of the light transmittance state which penetrates low coherence light 
[0043]By changing the fiber end 10a at the tip of the 4th single mode fiber 10 and 
the interval 61 of the GRIN lens 53, the position of the focus 63 of the distance 59 
from the outside surface of the sheath 50a can be changed (changing the value of 
the distance 59). Since the connector member 56 and the lens frame 54 rotate to 
the sheath 50a by rotation of the flexible shaft 40, the sheath inner surface 73 
contacts the lens frame corner 54a, and they get damaged in many cases. 
[0044]The crack which produced the flexible shaft 40 by contact of the lens frame 
corner 54a and the sheath inner surface 73 since an overall length changed with 
the insertion shape of the light-scanning probe 8 intersects the observation beam 
62, and observation may not be performed normally. In such a case, it enables it to 
obtain observation images in drawing 4 (A) by exchanging optical sheath 38 portion 
for the new optical sheath 38. 

[0045]Next, another composition of a tip part is shown in drawing 4 (B). The optical 
sheath 38 is constituted by the end cap 65 which blockades the supple nylon tube 
64 and its tip opening, and the nylon tube 64 and the end cap 65 are joined by 
adhesion. As for this nylon tube 64, that tip side at least is a light transmittance 
state. 

[0046]The cap 66 with a radius of circle is connected to the tip side of the lens 
frame 55 of the lens unit 39. The opening 67 is formed in this cap 66 with a radius 
of circle, and the observation beam 62 can be penetrated now. In order that the R 
section 72 of the cap 66 with a radius of circle may contact the sheath inner 
surface 73, the sheath inner surface 73 does not get damaged easily that the cap 
66 with a radius of circle rotates. 

[0047] He is trying to attach the lens frame 54 which secures predetermined light 
path length to the connector member 56 via the interval pipe 68, and constitutes 
the lens unit 39 from this light-scanning probe 8. 

[0048]The stage shaving ferrule 60 is formed instead of the ferrule 55 of drawing 4 
(A). The stage shaving part 70 which the stage shaving ferrule 60 shaved off the 
peripheral face to step shape at the back end side, and was made into the narrow 
diameter is formed, The outer diameter of this stage shaving part 70 is smaller 
than the inside diameter of the flexible shaft 40, and is inserted in the tip part of 
the flexible shaft 40, and adhesion fixing is carried out to the flexible shaft 40 by 
the adhesion filling portion 71 with the 4th single mode fiber 10 of that inside. 
[0049]Thereby, after securing the stage shaving ferrule 60 and the adhesion length 
of the 4th single mode fiber 10, the hard length of a tip part can be shortened by 
providing jointing of the flexible shaft 40 and the connector member 56 within the 
limits of the length of the stage shaving ferrule 60. 

[0050]The interval L of the space of the cap 66 with a radius of circle, and the end 
cap 65. It is an allowance for the relative movement of nylon tube 64 grade, the 
elasticity by the temperature of the optical sheath 38 and the flexible shaft 40 by 
curve, and the optical sheath 38, and although influenced by the construction 
material of the optical sheath 38, it is usually necessity about 8 mm. 
[0051]Another composition is shown in drawing 5 (A). The lumen 76 between the 
optical sheath 38 and the lens unit 39 is filled up with the index matching water 77 
of the almost same refractive index as the refractive index of the nylon tube 64 
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which forms the optical sheath 38 (light transmission window). The openings 66a 
and 66b are formed in the cap 66 with a radius of circle attached to the tip side of 
the lens frame 54, and the observation beam 62 is penetrated, and passage of the 
index matching water 77 is attained. 

[0052]In order to touch the index matching water 77 directly, since the refractive 
index of a prism material and the refractive index of the consistency water 77 are 
near, total internal reflection of the reflector 148 of the prism 51 is not carried out. 
Then, he provides reflective coating layers, such as aluminum coating and 
dielectric multilayer coating, in the reflector 51a, and is trying to make it carry out 
total internal reflection. 

[0053]The stainless steel pipe 78 is formed instead of the stage shaving ferrule 60 
of drawing 4 (B). The fiber core wire 79 and the jacket 80 which constitute the 4th 
single mode fiber 10 were inserted in the lumen of the stainless steel pipe 78, and 
the jacket 80 is pasted up by the jointing 84. the tip of the stainless steel pipe 78 - 
- a flat surface — or surface-of-a-sphere polish is carried out. 
[0054]It fills up with the glass material 81 between the lens unit 39 and the 
stainless steel pipe 78. The air out hole 83 for extracting the air at the time of lens 
unit 39 insertion near the jointing 82 with the glass material 81 is established in the 
connector member 56. 

[0055]By filling up the lumen 76 between the optical sheath 38 and the lens unit 39 
with the index matching water 77, reflection of optical sheath 38 inner surface can 
be attenuated, and the ghost by a multiple echo with the reflection similarly 
produced on the outside of the optical sheath 38 can be prevented. 
[0056]In order that reflection of optical sheath 38 inner surface may decline, even 
if optical sheath 38 inner surface gets damaged, influence of the scattered 
reflection by a crack can be made small. Drawing 5 (B) illustrates the relation 
between the cap 66 with a radius of circle, the prism 51 and the opening 66b, and 
the connector member 56 in three dimensions. 

[0057] Drawing _6_(A) forms the resin cap 85 in the composition of drawing 4 (A). 
Integral moulding of the resin cap 85 is carried out to the lens frame 54 and the 
prism 51, and as shown in drawing 6 (B) of the A-A' section of drawing 6 (A), the 
opening 85a is provided in the emission direction of the observation beam 62 of the 
prism 51. Since the resin cap 85 has the same R section as the cap 66 with a 
radius of circle, it has the same effect as drawin g 4 (B) and drawing 5 (A) in that a 
sheath inner surface is not damaged. 

[0058]Other methods which do not damage a sheath are shown in drawing 7 (A). In 
the composition of drawing _4_(A), it has composition which detaches and arranges 
the end 56a of a joined part with the lens frame 54 of the connector member 56 
with a possibility of damaging a sheath inner surface, from an optical exposure and 
a light sensing portion. 

[0059]For example, the tip side was made into tapered shape for the peripheral 
face of the lens frame 54 to the back end side at the narrow diameter, and the 
prism 51 grade is attached to the tip side. Even if the lens unit 39 moves relatively 
to the optical sheath 38, and a crack arises at the end 56a of the connector 
member 56, since an optical exposure light sensing portion does not move, the 
position will not affect transmission and reception of light. 
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[0060]An option is further shown in drawing 7 (B). The transparent sheath 74 
which has the front end part 56a and opening of the connector member 56 and 
counters the sheath 38 in the composition of drawing 4 (A) and which dashes and 
has the part 74a, and the root side sheath 75 which have the rear end part 56b 
and opening of the connector member end 56, and counter and which dashes and 
has the part 75b are joined, and it is constituted. 

[0061]Since it dashes, it dashes with the part 74a and it is regulated by the part 
75b, the crack inside the sheath produced by the front end part 56a of the 
connector member 56 and the corner 54a of the lens frame 54 can be prevented 
from appearing in an optical exposure and a light sensing portion with this 
composition, although the position of the connector member 56 can rotate free 
[0062]Drawing_8shows the detailed composition of the connector area 9. The 
optical sheath 38 is attached to the base part 87 which has the projection of the 
shape of a bamboo shoot provided in the front face of the sheath stop 86, enabling 
free attachment and detachment. 88 is provided stop breaking into the sheath stop 
86, and he is trying to cover the back end (end face) portion of the optical sheath 
38 by 88 stop breaking. 

[0063]The flexible shaft 40 which projects from the rear end part of this optical 
sheath 38 is attached to the connector stop 90. This connector stop 90 is joined 
to the optical connector 91 by the jointing 92. 

[0064]The connector stop 90 is held via the bearing 93 at the pedestal 94, enabling 
free rotation. The pedestal 94 is attached to the rotary drive 13 with the case 95 
and the clamping ring 96. 

[0065]The rear end face of the sheath stop 86 is forced on the front end surface 
of the pedestal 94, and the sheath stop 86 can detach and attach freely in the 
case 95, and is fixed with the set screw 89. In this case, the sheath stop 86 is kept 
from rotating unnecessarily by inserting the projection 86a for nitings provided in 
the end face of the sheath stop 86 in the crevice established in the end face of 
the pedestal 94. 

[0066]The optical connector 91 has the baffle 98 which appoints the ferrule 97 for 
connecting the 4th single mode fiber 10 and rotary drive 13, and the connecting 
direction of the optical connector 91. By rotating the optical connector 91, the 
connector stop 90 rotates and rotation is transmitted to the flexible shaft 40. By 
the watertight jointing 99, the connector stop 90, the flexible shaft 40, and the 
single mode fiber 10 secured the watertight, and have pasted up. 
[0067]Between the connector stop 90 and the pedestal 94, O ring 100 is formed as 
a watertight seal. O ring 101 provided with the function of a watertight seal is 
formed also between the sheath stop 86 and the pedestal 94. With these 
watertight seals, the index matching water with which it filled up between the 
optical sheath 38 and the flexible shaft 40 does not begin to leak, and index 
matching water can be enclosed from the filling port 102 provided in the pedestal 
94. 

[0068]The water which infiltrated into the inside does not begin to leak from the 
crevice between the flexible shafts 40, either. The filling port 102 is usually 
blockaded with the irrigation lid 103. O ring 104 was inserted also between the 
pedestal 94 and the case 95, and the watertight is secured. 
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[0069]Since the end face of the optical sheath 38 has composition which could be 
freely detached and attached to the base part 87 of the sheath stop 86 and was 
connected in this embodiment as shown in drawing 8. When a crack is made in the 
inner surface of the optical sheath 38, it can be used for pulling apart the optical 
sheath 38 from the base part 87, using others as it is only in exchange for a new 
optical sheath, and acquiring an OCT image. 

[0070](A 2nd embodiment) A 2nd embodiment of this invention is described with 
reference to drawing 9 below. The purpose of this embodiment is to make 
observat.on possible by making a sheath exchangeable, even if the inner surface of 
an outer sheath gets damaged. Only the light transmission section of the tip end 
part of a sheath is made exchangeable, and it carries out as [ cheaply ] 
[0071]The crack by contact is made hard to attach by providing hard coating in an 
optical element attaching part and the contact portion of a sheath inner surface 
By providing antireflection coating in the transparent part of an exposure and 
observation light of a sheath inner surface, reflection of a sheath inner surface is 
attenuated and a ghost is prevented. 

[0072]The optical probe 8 of the difference with drawing 4 (B) in a 1st embodiment 
shown in drawing_9Js that the resin tube 110 whose optical sheath 38 is not **** 
common gender (or light transmission / light impermeable whichever may be 
sufficient), and the tube 64 which has a light transmittance state are connected by 
the communication trunk 111. 

[0073]The communication trunk 111 and the tube 1 10 fit in, for example, and are 
joined by the jointing 112. The base part 1 13 which provided the projection of the 
shape of a bamboo shoot of the communication trunk 1 1 1 is inserted and 
connected to the back end of the tube 64. 

[0074]The hard coating part 1 14 is formed in the portion in which the lens unit 39 
and the prism 51 may contact the tube 54 by the inside of the tube 64, and it has 
composition which does not get damaged easily even if it contacts. There are thin 
film ceramics, such as titanium nitride, etc. as the suitable hard coating part 114 to 
resin. It may enclose instead of coating of a thin glass tube. Since the sheath 64 
and the communication trunk 111 are not pasted up when a sheath inner surface 
gets damaged, it is easily exchangeable by cutting, tearing and canceling the 
sheath 64 and equipping the base part 1 13 of the communication trunk 1 1 1 with 
the new sheath 64. 

[0075]By what is established for the antireflection coating which added this hard 
coating part 1 14 to substitution or a coating part, and comprised a dielectric 
multilayer etc. Reflection by the air of tube 64 inside and the refractive index 
difference of the tube 64 can be attenuated, and the same effect as the index 
matching water in drawing 5 (A) of a 1st embodiment can be acquired. 
[0076]By what is established for the antireflection coating constituted from a 
dielectric multilayer corresponding to media which exist outside, such as air, spirit 
water, and a body tissue, etc. by the outside of the portion which the irradiation 
light and observation light of the sheath 64 penetrate. By providing the 
antireflection coating which comprised a dielectric multilayer of the medium of the 
tube 64 and tube 64 exterior, etc., the ghost by a multiple echo with reflection of 
an inner surface and an internal optical element interface can be prevented. 
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[007 7] According to this embodiment, the purpose mentioned above can be 
attained. 

[0078]That is, even if the inner surface of the tube 64 which forms the optical 
sheath 38 of a 1 st embodiment gets damaged, it becomes observable by making 
the tube 64 portion exchangeable. In this case, it is made exchangeable, and only 
the light transmission section of the tip end part of the sheath instead of the 
whole sheath is cheap, and ends. 

[0079]The crack by contact can be made hard to attach by forming the hard 
coating part 1 14 in an optical element attaching part and the contact portion of a 
sheath inner surface. It makes it decrease a sheath inner surface's reflection of a 
twist to provide antireflection coating in the transparent part of an exposure and 
observation light of a sheath inner surface, and a ghost can be prevented. 
[0080](A 3rd embodiment) A 3rd embodiment of this invention is described below. 
It is in the purpose of this embodiment amending the variation in light path length's 
length automatically, and providing the optical imaging instrument which can obtain 
a tomogram certainly, also when optical probes are exchanged. 
[0081] Drawing 10 shows the composition of the 1st light-path-length change 
means and the 2nd light-path-length change means. It is equivalent to other 
embodiments of light path length's variable mechanism 14 provided in the end of 
the 2nd single mode fiber 5 in drawing 1 . 

[0082]The light emitted from the 2nd single mode fiber 115 in this embodiment is 
changed into a parallel beam by the collimate lens 1 1 6, enters into the reflective 
mirror 1 1 7, and is reflected in rectangular directions. The light from this reflective 
mirror 1 1 7 enters into the reflective mirror 1 1 7 again by the corner mirror 1 1 8, 
penetrates the faraday rotator 119 and enters into the lens 120. 
[0083]The corner mirror 118 can be attached to the 1 axis slider 121, the corner 
mirror 1 18 can be freely moved in the direction shown by the arrow c, and light 
path length can be changed a lot by changing the interval of the reflective mirror 
1 1 7 and the corner mirror 1 1 8. 

[0084]The light which entered into the lens 120 is reflected by the mirror 122, it 
enters into the grating 123, and the light, as for, the spectrum was carried out by 
the grating 123 enters into the galvanometer mirror 125 with the lens 124. The 
light which reflected the galvanometer mirror 125 enters into the 5th single mode 
fiber 1 1 5 through a reverse optical path. An optical time delay can be changed by 
making the galvanometer mirror 1 25 scan. Others are the same composition as a 
1 st embodiment. 

[0085] By the Faraday rotator 52 provided in the light-scanning probe 8 in the arm 
of the interference system by the side of the object shown in drawing 4 (A) in a 
1st embodiment, and the faraday rotator 119 in the arm by the side of a reference 
beam. That the birefringence produced when the fiber which is in an inside by the 
curve of the light-scanning probe 8 curves can be compensated,"Rapid acquisition 
of. in vivo biological images. It is indicated by by use of optical coherene 
tomography", G.J.Tearney et.al, Optics Letters, vol.21, N0.17, and p.1 408-1 410- 
1 996. [0086] Drawing 1 1 shows other examples of composition of the 1 st light- 
path-length change means and the 2nd light-path-length change means. It is 
changed into a parallel beam by the collimate lens 131, and reflects twice by the 
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corner mirror 118, and the light emitted from the 2nd single mode fiber 115 enters 
into the lens 132. 

[0087]The 1 axis slider 121 is formed in the corner mirror 118, and light path length 
can be changed a lot by changing the interval of the collimate lens 131, the lens 

132, and the corner mirror 118. 

[0088]The light which entered into the lens 132 enters into the single mode fiber 

133, The light emitted from the single mode fiber 1337 enters into the grating 123 
with the lens 134, and the light, as for, the spectrum was carried out by the grating 
123 enters into the galvanometer mirror 125 with the lens 124. The light which 
reflected the galvanometer mirror 1 25 enters into the 2nd single mode fiber 1 1 5 
through a reverse optical path.An optical time delay can be changed by making the 
galvanometer mirror 125 scan.Others are the same composition as a 1st 
embodiment. 

[0089]The image acquired with the optical imaging instrument of this embodiment 
is shown in drawing 12 (A).The annular reflected figure 123 of a sheath outside 
surface and the image 124 of the body tissue are acquired focusing on the center 
122 of the monitor image 121. The MO 2 evening center 122 supports the center 
of rotation of the optical probe 8. [0090]The image from which the center 122 of 
the MO 2 evening and the center of rotation of the optical probe 8 shifted is 
shown in d rawing 12 (B).this is cut when having shifted from the length which the 
light path length of the 4th single mode fiber 10 and the lens unit 39 assumed, and 
the actual condition. [0091]The diameter of the reflected figure 123 of a sheath 
outside surface increased, and the image 124 of a body tissue is expanded 
similarly. Therefore, exact diagnosis cannot carry out. Therefore, it is necessary to 
compute exact light path length. [0092]How to compute exact light path length is 
shown in drawing 1 6 from drawing 13 .If reflectivity is obtained changing light path 
length by the light-path-length change means shown by draw ing 9 and drawing 10. 
a signal like drawing 13 will be acquired. The horizontal axis 125 shows light path 
length (distance), and the vertical axis 126 shows reflectivity.The numerals 127 
show the reflection peak corresponding to a fiber end, and the numerals 128 The 
incidence edge of the GRIN lens 53, In the incidence edge of the faraday rotator 
52, and the numerals 130, the incidence edge of the prism 51 and the numerals 131 
show a sheath inner surface, the numerals 132 show a sheath outside surface, and 
the numerals 133 show [ the numerals 129 ] reflection with a measurement body 
tissue. The interval of each reflection peak supports the light path length of each 
optical element. 

[0093]r>awjngJ4^shows how to determine the position of the light path length who 
takes the lead in an image. First, the light path length corresponding to the peak 
and peak of reflectivity is detected at Step S1. The light path length and pattern 
matching of incidence and an emission face of prism and a GRIN lens are 
performed at the following step S2. 

[0094] Next, the position which is in agreement at Step S3 is detected, and the 
position of the emitting end of prism is identified. By the following step S4, the 
position of the light path length who takes the lead in an image is determined. The 
option which determines the position of the light path length who takes the lead in 
an image is shown in drawing 1 5 and drawing 16 . 
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[0095]As shown in _ drawing _15, the calibration jig 143 is placed at the tip of the 
optical probe 8. The coating film 144 in which this calibration jig 143 has high 
reflectance in that inner surface is formed. 

[0096]And as shown in drawing ^, the light path length corresponding to the peak 
and peak of reflectivity is detected like Step S1 of drawing 14 at the first step S5. 
The reflection peak of maximum strength is identified as reflection from the 
calibration jig 143 at the following step S7. 

[0097]At the following step S8, the peak of one near side of the above-mentioned 
peak is identified as reflection from the sheath surface. And the position of the 
light path length who takes the lead in an image from a sheath outer diameter by 
the following step S9 is determined. Drawing 1 7 shows the light-scanning probe 
148 scanned horizontally. The flexible shaft 40, the GRIN lens 53, the prism 51, and 
the single mode fiber 10 are joined by the attachment component 151. The 
observation beam 62 and the focus 63 can acquire the image at the time of being 
scanned by the longitudinal direction g and scanning horizontally by scanning the 
flexible shaft 40 to the longitudinal direction f. 

[0098]The monitor image 152 acquired with the probe of drawing 1 7 is shown in 
drawing 18. The image 1 23 of a sheath outside surface and the image 1 24 of a 
body tissue are acquired by the monitor image 1 52. The distance h of the image 
123 of a monitor top chord and a sheath outside surface can compute light path 
length in the similar way shown in drawing 15 and drawing 16 . 
[0099]Drawing 19 shows the light-scanning probe 158 scanned to the front 
direction of a probe. The light-scanning probe 1 58 arranges the single mode fiber 
10 inside a sheath or the lens frame 161, and enables it to emit light through the 
object lens 162 which countered the apical surface and was attached to the tip 
opening of the lens frame 161. 

[0100]To the tip part 163 of the single mode fiber 10, for example, by attaching the 
piezo-electric element 164 and impressing the driving signal with which a signal 
level changes via the signal wire which is not illustrated to the piezo-electric 
element 164 (electrode), It has composition which scans the tip part 163 to the 
sliding direction j as shown in drawing 19 . 

[0101]By scanning the tip part 163 of the single mode fiber 10 to a sliding direction 
by this piezo-electric element 164, an observation beam is scanned by the sliding 
direction k in the body tissue 1 1, and the image of the body tissue 1 1 can be 
acquired. 

[0102]The image acquired with the light-scanning probe 158 of drawing 1 9 is 
shown in drawing 20. The image 1 65 of a sheath outside surface and the image 1 24 
of the body tissue 1 1 are acquired as the monitor image 1 52. The distance m of 
the image 1 65 of a monitor top chord and a sheath outside surface can compute 
light path length in the similar way shown in drawing 14 and drawing 16 . 
[0103](A 4th embodiment) A 4th embodiment of this invention is described below. 
The composition explanatory view in which drawing 21 and drawing 22 start a 4th 
embodiment of this invention, and drawing 21 shows the outline composition of an 
optical fault image device, and drawin g 22 are the lineblock diagrams showing the 
detailed composition at the tip of an insert portion of the light-scanning probe for 
optical fault image devices. 
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[0104]As shown in drawing 2j, the optical fault image device 1B of this operation 
The laser light source 171 which supplies the laser beam which counters the 
emrtting end of the 2nd single mode fiber 5 in drawing 1 . and turns into guide light 
of the wavelength of a visible region, This laser beam arranges dichroic mirror 172 
**** to penetrate, and low coherence light emitted from the emitting end of the 
2nd single mode fiber 5 is made the composition which makes it reflect with the 
dichroic mirror 172, and receives light with the photo-diode 12 as a photodetector 
About other composition, it is the same as that of a 1st embodiment shown in 
drawing 1 , and explanation is omitted here. 

[0105]The light-scanning probe 8 of this embodiment is shown in drawing 22 (A) 
The optical sheath 38 consists of the cylinder tube 181 and the end cap 182 
attached at that tip, and the condensing optical system is stored at the tip side in 
this sheath 38. 

[0106]That is, the 2nd single mode fiber 10 that carries out the light guide of low 
coherence light and the guide light to the tip of the light-scanning probe 8, and 
returns the catoptric light from analyte as shown in drawing 22 . The GRIN lens 53 
which condenses to a position the light which comprises the low coherence light 
emitted from the tip of the 2nd single mode fiber 10, and guide light, The dichroic 
mirror 184 of the Naokata form which penetrates low coherence light and reflects 
the light of the wavelength of guide light selectively, Faraday rotator 52 turning 
around the plane of polarization of a low interference light, and the micro prism 51 
which changes the optical path of low coherence light by reflection, It has the 
GRIN lens 53, the dichroic mirror 184, Faraday rotator 52, and the optical system 
holddown member 185 that fixes the micro prism 51 in one, and is constituted. 
[0107]In accordance with the field in which the guide light of the dichroic mirror 
184 is reflected, the optical system holddown member 185 is tubed shape with an 
opening, and does not bar the optical path of guide light. The flexible shaft 40 
which the GRIN lens 53, the 2nd single mode fiber 10, and the single mode fiber 10 
are inserted in, and transmits torque is being fixed to the tip holddown member 186 
to which the tip fixes the GRIN lens 53. 

[0108]Next, an operation of this embodiment is explained. By carrying out the light 
guide of the illumination light from endoscope light equipment by the light guide of 
an endoscope, the analyte side is illuminated from the lighting window of the tip 
part of an insert portion. Image formation of the illuminated analyte was carried out 
to the solid state image pickup device by the objective optical system of the 
observation port, and signal processing was carried out by the video processor. 
The back displays an endoscope image on the monitor for a display. 
[0109]The tip part of the light-scanning probe 8 is made for the light-scanning 
probe 8 to project from the opening at through and the tip of an endoscope to the 
forceps loading slot of an endoscope, in displaying the tomogram for low coherence 
light, looking at an endoscope image. 

[0110]And the light guide of the low coherence light from the low coherence light 
source 2 is carried out to the 1 st single mode fiber 3. It is connected with the 2nd 
single mode fiber 7 via the optical rotary joint 6, and the 1st single mode fiber 3 
draws a low interference light at the tip of the light-scanning probe 8. 
[01 1 1]It is arranged so that the guide light from the laser light source 171 which 
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emits light on the specific wavelength in a visible wavelength area via the dichroic 
mirror 1 72 at the end of the 2nd single mode fiber 5 may be entered. For this 
reason, guide light penetrates the dichroic mirror 1 72 and enters into the end of 
the 2nd single mode fiber 5. Since the 2nd single mode fiber 5 is optically 
connected with the 1 st single mode fiber 3 by the optical coupler part 4, the 4th 
single mode fiber 10 inserted in in the light-scanning probe 8 carries out the light 
guide also of this low coherence light and the compounded guide light with low 
coherence light. 

[01 1 2]The light guide of low coherence light and the guide light is carried out by 
the 4th single mode fiber 10, they are emitted to the GRIN lens 53 side which 
counters as shown in drawing 22 (A), and are condensed with this GRIN lens 53. In 
respect of the dielectric multilayer formed so that the wavelength band region of 
the guide light of dichroic mirror 184 inside might be reflected, a direction of 
movement is emitted in the direction different 90 degrees, and the guide light 
which entered into the dichroic mirror 184 of the Naokata form which adhered to 
the apical surface of the GRIN lens 53 is irradiated by analyte. 
[01 13]The low coherence light which entered into the dichroic mirror 184 similarly 
is penetrated as it is, and enters into Faraday rotator 52. The low coherence light 
which penetrated Faraday rotator 52 rotates 45 degrees of planes of polarization, 
enters into the micro prism 51 which adhered at the tip of Faraday rotator 52, and 
it is emitted in the same direction as the dichroic mirror 184 while total internal 
reflection is carried out on the slant face and 90 degrees of directions of 
movement differ. The low coherence light which emitted the micro prism 51 is 
irradiated by analyte. 

[01 1 4]The low coherence light and guide light which were irradiated by analyte, It is 
scattered about all over reflection and an organization in the portion from which 
the optical characteristic of the internal tissue the surface of analyte and near 
[ its ] the surface differs, and a part enters into the apical surface of the 4th single 
mode fiber 10 through an optical path contrary to the time of an exposure, and the 
becoming optical path, and is transmitted to the back end side. 
[0115]And it enters into the apical surface of the 1st single mode fiber 3 through 
the optical rotary joint 6, and a part moves to the 2nd single mode fiber 5 side by 
the intermediate optical coupler part 4. Here, the catoptric light of low coherence 
light is mixed with the light reflected with the galvanomirror 1 9. 
[0116]The light from the back end of the 2nd single mode fiber 5 penetrates only 
guide light with the dichroic mirror 172, it reflects and other ingredients enter into 
photodetector 12'. Photoelectric conversion of the light which entered into this 
photodetector 12' is carried out, and it serves as an electrical signal. Only an 
interference light ingredient is extracted and this signal is detected. And it is 
changed into a digital signal and inputted into the computer 25. 
[01 1 7]As the computer 25 changes light path length according to light path 
length's variable mechanism 14, it obtains the tomogram data of the depth 
direction of analyte, and it controls the rotary drive 13, rotates the motor in the 
optical rotary joint 6 which is not illustrated with constant speed, and obtains the 
tomogram data for one frame. 

[01 1 8]The tomogram data obtained one by one is once stored in the image memory 
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of the inside, it reads with a predetermined cycle, and a tomogram is expressed in 
the MO 2 evening 26 as the computer 25. 

[01 1 9]A way person distinguishes the position of the tomogram currently observed 
from the irradiation position of the guide light displayed on an endoscope image, 
moves the light-scanning probe 8 to a desired position, and gets the tomogram to 
need. 

[0120]Although the irradiation positions to the analyte of guide light and a low 
interference light differ a little, this gap is several millimeters and it is convenient 
to positioning of the light-scanning probe 8. It can be made more in agreement with 
the irradiation position of low coherence light by using the dichroic mirror 186 of 
the Naokata type who changed the angle of the dielectric multilayer side from 45 
degrees as shown in drawing 22 (B). for example, took the larger angle of reflection 
than 90 degrees. 

[0121]Although the dichroic mirrors 184 and 186 were used as the Naokata form in 
this embodiment, it is not limited to this shape. 

[0122]Thus, since guide light can irradiate analyte by reflecting only guide light in 
the analyte side in this embodiment before guide light enters into Faraday rotator 
52, The tomogram which scans and needs the light-scanning probe 8 for a desired 
position can be obtained observing an endoscope image. The embodiment etc. 
which comprise partial ** combining each embodiment which were mentioned 
above belong to this invention. 
[01 23] [Additional remark] 

1. It is a light-scanning probe device for optical imaging instruments which builds 
the tomogram for analyte from the information on the light which irradiated analyte 
with low coherence light and were scattered about in analyte, Comprise a resin 
tube with most flexible overall lengths, and the tip at least is provided inside the 
portion currently formed for the good raw material of the light transmittance state 
of a sheath and a sheath currently formed for the good raw material of the light 
transmittance state, Outgoing radiation and the incidence part of light which turns 
light to the sheath inside, emits it, irradiates the analyte of the sheath outside with 
the transmitted light, penetrates a sheath and enters the reflection, dispersion, and 
excitation light from analyte, A light-scanning probe device, wherein the portion of 
a sheath in which outgoing radiation and the incidence part of light were provided 
at least is exchangeable. 

[01 24] 1-1. That in which the tip of the sheath has not carried out an opening in 
the additional remark 1. 

1-2. In the additional remark 1, it can insert in in the forceps channel of an 
endoscope. 

1-3. The watertight seal which comprised an elastic body is prepared for the 
terminal area with a sheath and the main part of an optical probe device in the 
additional remark 1. 

[0125](The purpose of the additional remark 1) Also when the inside of an outer 
sheath gets damaged, a means by which it is observable using the same probe is 
provided. 

(The purpose of the additional remark 1-3) Even if it exchanges sheaths, 
permeation of the fluid from the outside and extraction of the fluid from an inside 
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are prevented. 

(Operation of the additional remark 1) When the inner surface of an outer sheath 
gets damaged by making exchangeable the portion of an outer sheath which 
irradiation light and observation light penetrate at least, it has the operation that it 
is observable by exchanging only sheaths. 

(Operation of the additional remark 1-3) A watertight seal is formed in the 
detaching part of a sheath, and permeation of the fluid from the outside and 
extraction of the fluid from an inside are prevented. 

[0126]2. It is an optical probe device for optical imaging instruments which builds 
the tomogram for analyte from the information on the light which irradiated analyte 
with low coherence light and were scattered about in analyte, The sheath in which 
it is a resin tube with most flexible overall lengths, and the tip at least is formed 
for the raw material with a sufficient light transmittance state, It is provided inside 
the portion currently formed for the good raw material of the light transmittance 
state of a sheath, Outgoing radiation and the incidence part of light which turns 
light to the sheath inside, emits it, irradiates the analyte of the sheath outside with 
the transmitted light, penetrates a sheath and enters the reflection, dispersion, and 
excitation light from analyte, An optical probe device with which the flexible pipe 
member inserted over ****** of the sheath inside, the attachment component of 
said outgoing radiation and incidence part attached to the tip side of a flexible pipe 
member, and this attachment component are characterized by providing a curved 
surface part in the corner which it has into the portion which touches a sheath 
inner surface. 

[01 27]2-1 . in the additional remark 2 — this curved surface part — outgoing radiation 
and an incidence part — a wrap tip — this — it is a protective cap which is 
hemispherical. 

[0128]2-1-1. In the additional remark 2-1, it has an optical window for optical 
outgoing radiation and incidence in a protective cap. 

[0129]2-1-1-1. In the additional remark 2-1, the hole for letting the fluid enclosed 
by the protective cap in the sheath pass is provided. 

[01 30]2-2. In the additional remark 2, wear-resistant coating is provided in the 
portion of the sheath which detection light penetrates at least at least at either an 
inside or the exterior. 

[0131]2-2-1. That whose coating is thin film ceramics in the additional remark 2-2. 

[0132]2-2-1-1. That whose coating is titanium nitride in the additional remark 2-2. 

2-3. In the additional remark 2, anti-reflection coating is provided in the portion of 
the sheath which detection light penetrates at least at least at either an inside or 
the exterior. 

[0133]2-3-1. In the additional remark 2-3, anti-reflection coating is dielectric 
multilayer coating. 

[0134]2-4. In the additional remark 2, a flexible pipe member is a coil shaft. [0135] 
2-4-1. In the additional remark 2-4, a coil shaft is a multi-thread coil more than 
two-layer. [0136](The purpose of the additional remark 2) The inside of an outer 
sheath makes it hard to get damaged also by rotation of an internal optical 
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element. 

(The purpose of 2-1-1-1) When a fluid is enclosed with the lumen of an outer 
sheath, it is made for a fluid to touch the emission face of an optical element 
certainly. 

(Operation of the additional remark 2) A curved surface part is provided in the 
portion which a sheath inner surface and an optical element attachment 
component touch, and it is made to contact without damaging the inner surface of 
an outer sheath. 

(Operation of the additional remark 2-2) Antiwear coating is provided in the portion 
which a sheath inner surface and an optical element attachment component touch, 
and it is made to contact without damaging the inner surface of an outer sheath. 
(Operation of additional remark 2-1-1-1) The hole for letting the enclosed fluid 
pass is provided, and air foam etc. do not remain in the emission face of an optical 
element, but a fluid is touched directly. 

[0137]3. It is an optical probe device for optical imaging instruments which builds 
the tomogram for analyte from the information on the light which irradiated analyte 
with low coherence light and were scattered about in analyte, The sheath by which 
it is a resin tube with most flexible overall lengths, and the tip at least is formed 
for the good raw material of the light transmittance state and in which the tip has 
not carried out an opening, It is provided inside the portion currently formed for 
the good raw material of the light transmittance state of a sheath, Outgoing 
radiation and the incidence part of light which turns light to the sheath inside, 
emits it, irradiates the analyte of the sheath outside with the transmitted light, 
penetrates a sheath and enters the reflection, dispersion, and excitation light from 
analyte, The flexible pipe member inserted over ****** of the sheath inside, and 
the attachment component of said outgoing radiation and incidence part attached 
to the tip side of a flexible pipe member, An optical probe device, wherein it has an 
optical fiber which transmits the low interference light provided in the lumen of the 
pipe member, and a seal which closes the fluid between a sheath lumen and a pipe 
member outer diameter and refractive index matching liquid is closed by outgoing 
radiation and the incidence part of light, and the cavity of the sheath inside at 
least. 

[0138]3-1. In the additional remark 3, the seal which closes the fluid between a 
sheath lumen and a pipe member outer diameter is formed in the base of the sheath. 

3-1-1. In the additional remark 3-1, the seal comprises an elastic body. 

3-1-2. In the additional remark 3-1, a pipe member is pivotabie and a seal function is 

maintained to rotation of a pipe member. 

3-2. In the additional remark 3, the inlet for enclosing a fluid with the base of a 
sheath between a sheath lumen and a pipe member outer diameter is provided. 
3-3. In the additional remark 3, the seal for closing the fluid between a pipe 
member lumen and an optical fiber is formed in the base of the pipe member. 
[0139]3-4. In the additional remark 3, refractive index matching liquid is water. 
3-5. In the additional remark 3, said outgoing radiation and incidence part have the 
prism which bends the direction of the lens which condenses the light from an 
optical fiber, and an optic axis at this right angle. 
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3-5-1. In the additional remark 3-5, it fills up with the interval of optical fiber ends 
and a lens with the optical material. 

3-5-2. In the additional remark 3-5, reflective coating is provided in the reflector 
of prism. 

[0140](The background of the additional remark 3) 

(Conventional technology over the additional remark 3) In addition to the 
conventional technology (conventional technology in the text) of the additional 
remark 1, the outer sheath with a light transmittance state generally comprises 
resin tubes, such as a fluoro-resin and polyamide (nylon), but. Since the difference 
of the refractive index of these resin tubes and the refractive index of an optical 
element and the air enclosed in the outer sheath is large, big reflection of light 
occurs by the inside of an outer sheath. Strong reflection occurs by the 
appearance of an outer sheath similarly. By this reflection, irradiation light and 
observation light become weaker, and the S/N ratio of observation worsens. In 
order to detect the reflectivity on the principle of OCT, and an optical path, and 
light path length's correlation, if two fields which have strong reflection are located 
in the neighborhood, light will carry out the multiple echo of between reflectors, 
and a reflector detects reflectivity strong against the portion of the light path 
length who does not exist actually, and serves as a ghost. Since the observation 
light which is dispersion and catoptric light from a living body was a taper to the 
above reflectivity, there was a problem that observation capacity deteriorated 
remarkably by a ghost. 

[0141](The purpose of the additional remark 3) A means to attenuate reflection of 
the inner surface of an outer sheath is provided. The loss by the scattered 
reflection by the crack produced by rotation of the optical element of the inside 
produced inside the outer sheath is attenuated. 

(The purpose of 3-5-2) Even if the reflector and index matching water of prism 
touch, attenuation of the irradiation light and observation light due to decline in the 
reflectance of prism is prevented. (Operation of the additional remark 3) Refractive 
index matching liquid is enclosed between an outer sheath lumen and an optical 
element, refractive index difference of an outer sheath and the matching liquid in 
an inside is made small, reflection by an interface is attenuated, and the ghost 
acting as the obstacle of observation, etc. are prevented. Even if a crack arises 
inside an outer sheath by rotation of an optical element, the refractive index 
difference of an outer sheath and the matching liquid in an inside makes it small, 
and since reflection by an interface is small, the influence of scattered reflection 
becomes small. 

(Operation of additional remark 3-5-2) Since reflective coating is provided in the 
reflector of prism, even if index matching water touches a prismatic reflection side, 
the reflectance of prism does not fall. 

[0142]4. It is an optical probe device for optical imaging instruments which builds 
the tomogram for analyte from the information on the light which irradiated analyte 
with low coherence light and were scattered about in analyte, The sheath in which 
it is a resin tube with most flexible overall lengths, and the tip at least is formed 
for the raw material with a sufficient light transmittance state, It is provided inside 
the portion currently formed for the good raw material of the light transmittance 
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state of a sheath, Outgoing radiation and the incidence part of light which turns 
light to the sheath inside, emits it, irradiates the analyte of the sheath outside with 
the transmitted light, penetrates a sheath and enters the reflection, dispersion, and 
excitation light from analyte, The flexible pipe member which comprised a tip optical 
member which has the prism with which outgoing radiation and an incidence part bend 
the direction of the lens which condenses the light from an optical fiber, and an 
optic axis at this right angle, and was inserted over ****** of the sheath 
inside.The optical fiber which transmits the low interference light provided in the lumen 
of the pipe member, and the fiber attachment component holding optical fiber ends, An 
optical probe device, wherein it has a connecting member which connects the tip, 
fiber attachment component, and tip optical member of a flexible pipe member and 
the joined part of a flexible pipe member and a connecting member exists within 
the limits of the length of a fiber attachment component. 
[0143]4-1. In the additional remark 4, a fiber attachment component is a cylindrical 
member of an optical fiber which inserted in the core wire at least, and has an 
outer diameter smaller than the inside diameter of a flexible pipe member for a part 
of overall length at least. 

4-1-1. In the additional remark 4-1, a fiber attachment component is a pipe member which 
inserted in the core wire of an optical fiber, and covering simultaneously, and it has 
an outer diameter smaller than the inside diameter of a flexible pipe member. 
4-2. In the additional remark 4, a connecting member has a bigger, inside diameter 
at least in part than the outer diameter of a flexible pipe member, and joins the tip 
of a flexible pipe member to this inner diameter part. 
[0144](The background of the additional remark 4) 

(Conventional technology over the additional remark 4) In a probe which is 
indicated by Patent Publication Heisei 6-511312 and the application for patent 9- 
313924, in order to hold optical fiber ends to an optical element, an optical fiber is 
inserted in, and the parts of the pipe shape called the ferrule which is positioned 
with high precision and held are used. Fixed length is required for junction because 
of maintenance of the bonding strength of a ferrule and an optical fiber. When 
inserting a probe in the forceps hole of an endoscope, inserting into the abdominal 
cavity to it and a probe wants to curve with a small curvature radius, the hard 
length to whom it is shown by the joined part of the length + rotation tube of the 
length + ferrule of an optical element has the necessity of shortening. However, 
since each length became settled in specification and bonding strength, it had the 
problem which hard length says cannot do short. 

[0145](The purpose of the additional remark 4) The hard length of an end-of-the- 
probe part is shortened. 

(Operation of the additional remark 4) Hard length is shortened by providing the 
joined part of a rotation tube within the limits of the length of a ferrule. 
[0146]5. It is an optical imaging instrument which builds the tomogram for analyte 
from the information on the light which irradiated analyte with low coherence light and 
were scattered about in analyte, While making the low coherence light and standard 
light which connected with the optical probe part with the exchangeable optical 
connector part in which the single mode fiber for transmitting low coherence light 
to analyte was built, and said optical probe part, and have returned from analyte 
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interfere, The 1 st travelling period change means that changes the travelling period 
corresponding to the scanning zone in order to scan said interference position to 
shaft orientations to an optic axis, Change of the optical coefficient of the tip 
optical member of an optical probe, and a detection means to detect the light path 
length, An optical imaging instrument which has change of an optical coefficient, a 
calculating means which computes the light path length of an optical probe from the 
light path length, and the 2nd travelling period change means that changes a 
travelling period corresponding to the light path length of the computed optical 
probe. [0147]5-1. In the additional remark 5, a detection means changes a travelling 
period by one side of the 1 st [ at least ] or 2nd travelling period change 
means.What makes the low coherence light and standard light which have returned 
from the optical member in an optical probe interfere, scans said interference 
position to shaft orientations to an optic axis, and detects the interference 
intensity and interference position.5-2. That whose change of an optical coefficient is 
the reflectivity of the surface of an optical element in the additional remark 5. 
[0148]5-2-1. It has the prism which bends the direction of the lens with which an 
optical probe tip part condenses the light from an optical fiber and an optical fiber, 
and an optic axis at this right angle in the additional remark 5-2, That in which a 
calculating means computes the light path length of an optical probe according to the 
peak of the reflectivity of optical fiber ends, a lens surface, and a prism plane. 
5-2-2. That in which an optical probe is a resin tube with most flexible overall lengths, 
the tip has the sheath currently formed for the good raw material of the light 
transmittance state, and a calculating means computes the light path length of an 
optical probe according to the peak of the reflectivity of the outside surface of a 
sheath, or an inner surface at least in the additional remark 5-2. 
5-2-3. What identifies the position of an optical element and computes the light path 
length of an optical probe from the reflectivity and the reflective interval of optical 
element each field in the additional remark 5-2. 
[0149](The background of the additional remark 5) 

(Conventional technology over the additional remark 5) Since the variation in the 
length of each optical probe at the time of exchanging and using an optical probe in 
Patent Publication Heisei 6-51 1312 is not taken into consideration, There was a 
fault it becomes impossible for the range which obtains a tomogram for the 
variation in length to become narrow, or to obtain a tomogram further. Although 
the use case was expected to enable it to use it under observation of an 
endoscope and it was used in that case within the abdominal cavity, having 
inserted in the inside of the forceps channel of an endoscope, it was convenient, 
but in a conventional example, what can carry out exchange use according to the 
length of the forceps channel of an endoscope was not proposed. Although light 
path length's variable means is established apart from the scanning means of the 
light path length for observation and it is made to correspond to change of the 
length of an optical probe by the application for patent 9-313924 to it, an observer 
needs to adjust about ****** dispersion of the length of each optical probe, and 
there is a problem of being complicated. 

[01 50] (The purpose of the additional remark 5) Also when optical probes are 
exchanged, the variation in light path lengths length is amended automatically, and 
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the optical imaging instrument which can obtain a tomogram certainly is provided. 
(Operation of the additional remark 5) Also when an optical probe is exchanged and 
used by proofreading the light path length of an optical probe automatically by 
composition of the additional remark 5, right observation images are obtained. 
[0151J6. While being inserted in the insert portion of the thin length who can insert 
in in analyte, the source of a low interference light which generates a low 
interference light, the visible light source which generates visible light of said low 
interference light and different wavelength, and said insert portion and leading said 
low interference light to the tip side of said insert portion, The light guide means 
which consists of one single mode fiber for detecting the catoptric light reflected 
from analyte, The reflective means for irradiating analyte with the low interference 
light from said single mode fiber from the side edge at said tip of an insert portion, 
The polarization plane rotation element which is arranged between said single 
mode fiber and a reflective means, and rotates the plane of polarization of said low 
interference light and catoptric light, In the optical probe provided with the visible 
photosynthesis means which carries out the light guide of the visible light emitted 
from said visible light source to said light guide means for optical fault image 
devices, The optical probe having arranged so that visible light may be reflected in 
the same direction as the predetermined direction which reflects said visible light 
between said single mode fiber and said polarization plane rotation element, and 
reflects said reflective means low interference light for the optical selecting means 
which penetrates said low interference light. 

6-1. In the additional remark 6, said optical selecting means is a dichroic mirror. 
[01 52](The background of the additional remark 6) 

(Prior art to the additional remark 6) As conventional technology, there is Patent 
Publication Heisei 6-51 131 2.There is literature which uses the FARADE Rowdy 
evening.By the faraday rotator in Faraday RODETA provided in the light-scanning 
probe in the arm of the interference system by the side of an object in the 
interference system used for OCT, and the arm by the side of reference. That the 
birefringence produced when the fiber which is in an inside by the curve of a light- 
scanning probe curves can be compensated, "Rapid acquisition of. in vivo 
biologicalimages. It is indicated by by use of optical coherene tomography", 
G.J.Tearney et.al, Optics Letters, vol.21, N0.17, and p.1408-1410-1996.When 
irradiating analyte with a low interference light and obtaining an optical tomogram, 
in order to acquire the image of the depths more, it is advantageous to a low 
interference light to use the wavelength of a not less than 800-nm infrared region. 
In order to check the irradiation position of a low interference light which cannot 
be viewed, there is an optical fault image device which irradiates with visible light 
on a low interference light and the optic axis, and makes it guide light. However, 
when Faraday rotator has wavelength dependency in the penetration characteristic 
of light and the wavelength band region of a low interference light is made to 
penetrate, In order to hardly penetrate the wavelength of a visible light pattern 
region, only by having arranged a low interference light and visible light on the optic 
axis, it was reflected by Faraday rotator, and visible light was not irradiated by 
analyte, but there was a problem that it could not use as guide light. 
[0153](The purpose of the additional remark 6) Even if Faraday rotator was 
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arranged in the light guide optical system of a low interference light, analyte was 
irradiated by having made visible light into guide light, and it had additional remark 
6 composition for the purpose of providing the optical probe for optical fault image 
devices which can check the irradiation position of a low interference light. 
(OPERATION) The irradiation position of a low interference light can be viewed by 
separating a low interference light and visible light before Faraday rotator, and 
irradiating analyte with each light. 
[0154] 

[Effect of the Invention]According to this invention, analyte is irradiated with low 
coherence light as explained above, It is a light-scanning probe device for optical 
imaging instruments which builds the tomogram for analyte from the information on 
the lights scattered in analyte, The sheath in which it comprises a resin tube with 
most flexible overall lengths, and the tip at least is formed for the raw material with 
a sufficient light transmittance state, It is provided inside the portion currently 
formed for the good raw material of the light transmittance state of a 
sheath.Outgoing radiation and the incidence part of light which turns light to the 
sheath inside, emits it, irradiates the analyte of the sheath outside with the 
transmitted light, penetrates a sheath and enters the reflection, dispersion, and 
excitation light from analyte, Since the portion of the sheath in which outgoing 
radiation and the incidence part of light were provided at least makes it 
exchangeable, when the inner surface of a sheath gets damaged, it can observe by 
exchanging only the sheath which got damaged. 



[Translation done.] 
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f®^ O^^^^n — y 8 £ C0y< ^ ^ 3r £8StKTr# & 

[0019] l2oe/y^;R- K^r-r^5t05fe*^ 

£>*k ^EPa ^^i~^fp]tC#S)gft^n y y^ hu^x 
3 0Ml^>Xl5^lT^V-7^y^l 6dSE« 

*htv^ 0 4fc. -^-o^ (iHjJffftT-) 1 

6i:#S;t5^Xi 7*r^bT»/J^*ia»RriBft^f 

[0 0 2 0] dco^fyw^y^— ^^7^-1 9 ^ /W ^y 

[0021] tit, c<D|i]te«jS»itc:J:l9^2co^> 

?^ : ^bTV^S 0 r^;w<y^^^7-i 9(ciS3t 
Sf^tt^SCIENCE VOL. 2 7 6, 1 
9 9 7 s pp 2 0 3 7-2 0 3 9tCl,T^^^ o 
[0 0 2 2] S2(^)v'>'^-K77^^5j3 

^lS2©3t»«o*^b^a^:ftoTv^4 0 ^2<d^> 

^^V^-e— K7 7 ^ ;<5\a^ 7 7>f^i«$n5T 
^ ^ jo J: tJ^3t ^n-^8rtco^T-r^<^*tffc 

[0 0 2 3] 1^7-i?18li)t^D^ 

-$^=7-i 9[cx%ft^%w&Lxm£jjfacDmitL 
5. 4«i ±<ommiLm^TW^^n\^mi£-t 



(4) 
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[0 0 24] :<0 lifi;*^ — i>i 8fi;*x — -^KfflfiD 

KS^^t btlfcJtfeM 2 <Di/>sf/U^:— K7 T ^ 5 
f tz X V ~? 7 a 4 Tig 1 <D 1/ > tfjV^: — K:7 

[0 0 2 5] Mx.ifi2(7)^y^^K77^ 

K77>f^9 ^IrSTttt/n-^ 8 O^fcKSa* 
1 1 td^TfeSggcb, »2©i/^;i/^K7 
7^^5?rgt 1 ttjx^—v? i 8±^)^;WV ^ * 

[00 2 6] ^U, *»^SBttUTftffl*tu5*36at 20 

^n — ^8tCiSCTl|S^^— v>l 8 (DiiLW^^WtJ^ 

[0027] _bfE7^ h^V^— ki 2-e*«SElftSn 

^ 2 5 xfcmmimcMfc irtcm&y*—* %*e$l 

U Zl^ 2 6 ^ffi^j U -^cOft^ffi^O CTft 2 6 a 
«r*S^-5o :©^yt:V-^ 2 5 teffiBfW^g 2 1 
£S§c£*X. ^ > tV-^ 2 5 WifiSii 2 L 
X l tt*^— S^ffiK^fBlfljSrtr^o *fc, =t>h° 

2 5fitf7 sf ^-p^[H]K2 8 <h^*£tu 
5!^ot^^-^{f-^-tc^LTrta5^^^y {r»fS«i 40 

[0 0 2 8] Z<D\?*r*fflmmi&2 8<D\f7**m 
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1 3 (a^SteC J: ^) I^f^^^MtS J: 9 (c IT 

[0029] mi<DmM(owm<oytM&-7v~-7 3i*m 

2{c^i-J: 5t-rtS»3 1 coitmfiiP 3 2 T-p 

8^ife4i8iayS:^iHS-&5r k&X£Z> 0 :(OrtS»3i 
fiMrti^ALiV^ 5 «P3*-C^ttcO#AS5 3 3 
U ^ CDff Agfi 3 3 O^StCfl±itIco^gi5 3 4 # 

3 2^R(tTfc9. ^cOit^fffflP 3 2 tti%:(D ftgfixm 
[0 0 3 0] Jf A£tf3 3f^{CJ3[I]^L/£V^-f h #V K 

mmyt^m^xnAU3 3(v^m^mf±m 

^^iftfiii l ^rta^KfJiH^^— *&mx, 

^26 <^^®tcO CT«26a Sr^T*# S «t 5 L 

[0 0 3 1 ] *fclfAW3 3<Ojt*SBtcW:«ffl»3 5*5 
«fcU* (rtffitt) 5fe«SS!5 3 6 ^K^■t^^i^TV^5 0 r$fta$3 
SSrST^jfeat^a-T/SSrffAS-tirS^ ^fc^fe^S 
>^n— ^8(7)5fe«8 3 7 ^rt^5t^g|5 3 6 £ i^fcB^ 
T*fls:«a«i 1 tcg|S-ii:S8#, l2(:^tit3tM7 D 

[0 0 3 2] Ej3fi3te^7 0 n--^8^^lHlfelE»I^S 

1 3 <Dmm<Dn&&^~t 0 m 3 tc^f «t 5 tc^t^s^n 

^38h ^ 3 8 S:li]teiS»3£« 1 3 ^^61"^ 
^^^^^9^, *^^>— ^ 3 8t^ttiJ{Cl&ttfbtu & 

0 t. 7U^^/l/^7>4 OCOrtKtC^tt^tt^ 

7 b 4 o o5feS^8S^ uyXn.- y h 3 9 i , 7 
[0 0 3 3] r:^^^7 0 n-~^8Off^^$tl5 

initeiEitjSM i 3 f^^^coiute^-v 7f4 3&t^ com 

&>t7 h4 3c0^^tC^^tLfc3fen-^ 5^ 3 ^ 
^ 4 1 /^i&St^. ^<D%=i*2 $ 4 1 i3fen— ^ 

y i?a v h 6 fiiHife->^7 h 4 3 co^^^rt^iaa^ 
titcw 3 ->^^^e~ K7 7 -f^ 7 xmmztix^ 

[0 0 3 4] [alfe^SbigS 1 3 lllU^v'^ 7h4 
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3 £0(^5^^ ^ 4 4RXf : £<Dmfci/ J r'7 h 4 3 <D\e] 
Is'Sr^ttlf — X4 5 £r£?TU ^^44^)0 

— y 4 5 a ^IlKtotttClBttJ^ttfc^^^ — y 4 5 
aRZfmfci/*? h 4 3{^tl-<yU h 4 6 j&SftKtJg LTfc 
£ c ^4 4^oJ;^V^ — X4 5ii{Ii|Sjffiib 

m> 4 8Kgj«£;ft,T^5 0 

[oo3 5] sc, z&mmmwi&wi 3<Ditm&$-ir 

W&M-t&o 4 4<£>[H<Kte^e-^X— y 4 4a {Cfc 

^/-y 4 5 afcfiSSHSo x^n^^4 5fj;lpjg 
^7h4 3<^0te3£ft£;|£fcBU *^Hi*s3S«^*g* 

tjifflSix. g|(ES|)=i y h n - 7 4 8 LTffi* 4 

9 a* ^T^ifg^HK 2 8«tc^^tt^ 0 

[0 0 3 6] r(OfS-§-4 9filH!teSr2 5 

tgfC^fU 4 5^CO{itg-ftb^toBtScOBt@{f-^4 9 
b 1 {Hiet- 1 0tZV*/U;*-C#>5 1 IlWEfs -^4 9c^ 

[0 0 3 7] JSfcl^ ttl/D^^S^^f 
£>□ ^3<e>v->-X/i^e~ K7r>T^7-t?€S$ttfe3t^ 
3fen^^^4 1 tdJ:oT^4^v'>'^/V^~ K7j>f^ 

1 0(C>g3l$tl5o *fc. Eltev'^r 7 h 4 3<^mtefi|Hi 
66* = *^ ^4 2i^J:oT7l/^v'7>^t7 h4 0 

[0 0 3 8] »4(^-»-^^~ K^r-f^l OcDfi^ 
3rfeflU>-X^L^2/ h 3 9{c:e**tL. 3t^v— ^3 8^r 

5t3te£:§3teU Wi4©^>^K77'l'^l 0 

~y h 3 9{£^^£jixTV^fctf> N 7U^V7>7t7 
h4 0 N l/yXa- 7 ^3 9^ ^4 toi/^tf/v*:*- 

T-f^l Oft— ffc-emfef-6 0 *^>^3 80 

«SHfilJ«Hl8Sr#ffiLT«5S-*-5 J: 5fc»— *ihtf>8 6 

[0 0 3 9] S4 (A) iSftifeitXn — X 8 C0pffl*« 

^5 0 atO^ffilJHPSrEflSi-SffeSSSBWS 0 b £ 9 
fltJffi^— X5 0 a i: 3fe«SgB*f 5 0 b 

3t^ttJ»^lplS:^3Ei-5^y 5 1 N ffi^tfc^iB 
SB&ll!fit5777r-n— f-^ (7 x 77- His 
^) 5 2, i)tt5GR I Nl/yX5 3*5j:tFr^^?r 
iRfiP*f-Sl^>'-X#5 4 ±9 45 0 Sfc, fUco^^XA- 
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^e^- Y~7t^ 1 0 fi^^yu— a- 5 5 ic, ^^)7a:;v- 
A5 5 (Oa«fi<7>S#»J 5 7"e»3»$ttT^So 
[0 0 4 0] U^X^y h3 9, 7x;W/U5 5M 
7l^^r^7»^7 h4 Ote^sgOR^SBttS 6 
£*l/0^ 0 *3t, 7^^7»^7h4 0(Z)Mlj: 
#?SWt5 6ieHfA£*U SS»»J5 8TS#LT*jeH 

[0 0 4 1 ] |4©^/7^R- K^r-T/<1 

10 ^ffil 0 a XVmMZtl, ^t5GRiNl/yX5 3 
(CAltLT^^tL. ^C7777-D-7-^5 2 

^ 5 0 a ^r3lil LtSi tf — A 6 2 t 9 . «L£ 6 3 

[0 0 4 2] *3b\ 3fc^v— ^ 3 8 O&Sfi'k <fc t> Af£ 
«3iCfl/>^< £tXyXA5 1 ^StfRl-rSfflS^^WJig^ 
^5 0a f*<eT*i43tSrSiai-S3feSiatt^Sv^3R 

[0 0 4 3] f 4(^)'»'^;wt- K7r>f^l 0 cD^fcS 
20 07 7^^Bl 0 a^WGR I NU7X5 3tf>RBRB6 
1 <fci£<fc *9 , is- -X 5 0 a (D^mfrhCOWm 

5 9(7)|£6 3tf>ffi«£ (gg« 5 9<?)MtlLr) 3E 
H*t-5^ir^-e^§ o S^tt5 6*5j:OVyX#5 4 
te^U^^X/l^"^ |. 4 OOlnietC.t V is— * 5 0a 

7 3^^ LX «o< r ir^^V\ 

[0 0 4 4] £fc. 7U^^>^7 h 4 Ofi^t^fi 

Xu - x s (7>jf A®^(^ J: D fc«> U >X 

#^35 5 4 a *F*3ffi7 3 CO^jtttC J: t) ^ 

^S>s c -co J: 5&4§^f-tell4 (A) -e«:3t^->— ^ 
3 8S^^rgfbV^^^-^3 8 SCtfcii; 

[0 0 4 5] B4 (B) fc5fe*»^giJ<0«^Sr* 

"To &>^3 SttSftttOJbSWnyf a^X6 
4Xt?-tcr>4fe*BBPS:H*i-S5fe«^+yX6 5^±0 

*^Sc^tL, x-r u>-^— X6 4 *5 jzt^^feMs^-r ^X6 

40 [0 0 4 6] UyXrL- y h 3 9C0I/>X#5 5 CD5feS 

^■V^X6 6 tCttBHpg|S6 7&Wttthfl, «Stf— A 

6(^RSR5 7 2^5^— ^rt!B7 3 tSttt-Sfcfc, 
^■Y^X6 6^0fcL~CV>— ^^17 3ti^o^(C< 

[0 0 4 7] Jfc*3 s r^ttS/n-^Stll 
« 5 6 fcp B 1PB« 6 8 LT0f^3tKfi«:flt«: IT U 
>Xj.=.5/ b 3 9Sr«^t5^X#5 4«rStt}#*tS 
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10 0 4 8] 13 4 (A) <D7=./U—/U5 5<Dftt> 

fflJ 7 0 <D9\-W&7 i^v^Vuvz-v 7h40 cof*tf£ J; V) ^ 
/h£<. 7Ki/7>>t7 b 4 0<z>5fc«£8fl5fc:#A£ 
-?:£>F*3fflSc0^4 ^v'V^/WE— Y~7t4 1 0 

[0 0 4 9] rfti-J:?). 7x;W-;U6 0*5J:U* 10 

I4(D^^^K7t-Y^1 0(D8#^£*t{£Ufc 
l-e7^^>t7 h 4 0 irSt^asttS 6 £<7>®3» 

ic J: 9 5fe*H»<D«nrftS:ffij|tf-s rim So 
[0 0 5 0] M##^^77 P 6 6i5fei8^t^ 

h 4 0 i:3te^v— * 3 8 ^ffi»to»»<£>*: 
^^M5P R n% Xfi/-^ 3 8 te* 
lS8mmiSMt*)5 0 20 

[0 0 5 1] i5 (A) id3g{^iJ^*^8Sr^-r o 3fe^> 
— 7 38t U>Xa=y h 3 9<7>PflCOrtE7 6{Cte}fc^ 
^ 3 8 (£>3feSifiiS) ^?F^-r-5^--r o ^^^.-f 
6 4 <D®£Ff^ £ f^f^R CJffi#f*<7?JSSr*«-&7K 77^ 

7^iiignjfg^/^oT^-6 0 

[0 0 5 2] X y 5 1 (DfcMm 148ft HJfT^S 

-^tK7 7 tmrn^-t^t^, xy ^^mu<^mtFrmtm 30 
^7 7(Dmmm&m^fctbi£KMist£\<\ *z.xm& 

[0 0 5 3] @4 (B) CO^giJD ^^/V— ;U6 0 <Dftt> 
01:^7^^/7 8;&SKttb;ft/r^5o -x^^u 
^7 8©rtEli:ttl4^i/>'^;l/ ; t- K7r>f/^ 
1 0S:«^t5 7 7'l'^M7 9R^^j; h 8 0 tf* 
^ t ^ 7 h 8 0 I igf ff5 8 4 ^ ixt V ^ 

5o 7f>l/7/W/7 8 0»t¥®^fcii« 40 

[0 0 5 4] l^yXa^y f 3 9t±tf77y 
T/7 8<Dm^tejf7 7tt8 13&S^*$3^TV^S 0 
lfM5 6 Kite #7*** 8 1 ^CO^#g[5 8 2<E>jffi^tC 

8 3^|£U-ibtv0^ 0 

[0 0 5 5] yt^>— 7 3 8 k uyXa^y h3 9 <^Pfl 
w*7 6fcttHW*S^*7 7*SS«"TS^ 

3 8<Dftmx*hmm\z.±tz>B;$ib<Dgrm%:mz£z>=f 50 
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[0 0 5 6] 3te^>-* 3 8 rtl^gW^iSIt 

5»^f Sr/hS < 1 5 r i 5 0 M 5 (B) 
^ty7 p 6 6i7 p yXA5 1, RJnffl56 6 b tSR^ 

[0 0 5 7] Hi 6 (A) am 4 (A) cOfS^c^OTg^r-t 
77*8 5^ttfct>C0-Cfe5 o ^Sg^-t 5J3: 1/y 

x#5 4*3±^yxA5ii-M*^ xyxA 

5 l£Olit:-A6 2 0ffl*t*|Rl^ttE|-6 (A) <DA- 
A' Kfffltf>[E|6 (B) tct^-f-i 5t-iSP§i5 8 5 a &WL 
rtXh& 0 ffl^-t 7X8 5 (ttW^rt 6 ^ 

*^B4 (B) . H5 (A) tW«coa*Sr*f 5o 

[0 0 5 8] El 7 (A) idv--^S:aott?iV^CD*fe 
Sr^i- 0 [3 4 (A) co«j*tr*5i^r, ^rt^^r^o 

SP<£>«K«I5 5 6 a Sr3tfiHW • S3fe«5^e>«tLTiB«'r-5* 

[0 0 5 9] ^J^«W>X#5 4 cO^jaffiSr^SftfflBfraet 

yXA5 1^«^MTV^5 0 ^3 8iC*tL 

-ci^x^^ h 3 smmmcmmi^xh, m^Mu 

[0 0 6 0] IU7 (B) tc:M^U^*ffi^^-r o E| 4 
(A) C0*^(C^o^^>>— 3 8SrS)t^a5«-5 6CDf« 
355 6 a ifflBRSr^rL-TWlPl-f S^#STa$7 4 a 
t5SW^7 4i, #^«Wt»5 6 OT«Sftffi 5 6 b 

k&m&G^xMfa-rzmzmx&v 5 b^^--r^ffi7t 
[0061] si#*gf*t5 e^ffia^iffi^nnE-e^s 

r©i^|j:S?l3TS7 4 a i:^#^~r35 7 5 b 

J:t>^>X^5 4(0^35 5 4 a (d J; Q £ C 5 ^ 

[0 0 6 2] EI8fi=i^^^SB5 9<D|¥*ffl*«^Sr^i- 0 
yt^>—7 3 8ii->— ^ihJ6 8 6<^Btrffi^l8:*t^:^^-/ 

^6ixT*9 % &>-7 3 8 0« (SB) ^Sr£ff 
tLih^8 J;5t-lLTV^5o 

[0 0 6 3] ^<oyt^u—*3 8<D&i^£y9$tii-tZ 

7 U3ci/7*/\si/*?7 V 4 0 ten^ ^ih^) 9 0|cSl!9# 
tt^il,^ 0 rcO=i^^^jhJ6 9 0Ji3t=f^^^ 9 1 idffi 
»«P9 2T»^^tlT^^ 0 
[0 0 6 4] =i-*^^JJbfe9 0^(ft^tt9 3^ 

LT[EltegfttC$4Stt^9 4CM^Tl^ 0 ¥ft^tt 
"&9 4fi>r— ^ 9 5 kUtbtttfV 6 ^^oXlHlfe 
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[0 0 6 5] ifc, 4<^bME^v-- *it«> 

#>8 6 * 9 5^#JKe^ET*H^StLSo ^ 

-£\ 4^ffi(cia(tfcBfl«|5trv'-^ih«)8 6 

[0 0 6 6] 3fe^*^ 9 l fif4(Z)v'y^ 

— K^r^^l 0i:II!teJiMBi3£«i 3 *ggjg&i-£fc#><£> 
7x;^;V9 7 i:3t=i^^^ 9 1 CD^fc* [Rj^r^fe -5 m 
*9it£>9 8S:lrt5o at^^^^S lSrlHtei-§r 

:7 l/^v^V^v'-r ^ h 4 0 t i'V'^Vl^E— 7-4 s< i 

o 9 9x*7km%m&\^xigm£fLx\,^ 0 

[0 0 6 7] Sfc, 3^*ib*9 0 i: 9 4 <£> 
£ 0 ;*it#>8 6 tm§:rti$9 4copfl{dfc7k« 

^^«l^fix.fcOUy^l 0 l^it^ttTV^ 

^^^^7 h 4 o t<Dffl\c3tm£tifzm$imm'£*7k 

&MtLm-fZ.kffitj:<^ ttS«-&9 4tcK#k;ftfci£* 
P 1 0 2 £ 9 SW^fi-gTlcSrS-A-r 5 r £ £ 0 
[0 0 6 8] ^ l/^v-^/Wi/^^ h 4 0 (DffiKib* 

^rt^^CgAL^7K 1 b^ttt±i-r^i:f^^V^ 0 jfcfcq 1 0 
2i*ai?ifl3:&7kSl 0 3-^MS£;*xTV^ 0 £fc. ttig; 
tfl^9 4^-7 9 5 £<7DRflMfcO y >^ 10 4 

[0 0 6 9] ^jffiO^i^te. El 8 £ 0 

i/— ^ 3 8 (D&t&fois— ;*lt£>8 6£>P^g|$8 7 

cort®(c:^^-e^7cm^{-fL ^ 3 8 £rn&«|5 

8 7d^5l#«IU ffbv^^v— ^ir^m-T^o^ 
■C. * coffin ittffl UTO C T«S:#5 (^Hffiffl 

[0070] (i2 (ommmm) m^mm<om 2 ^ 

lllfeojglSSrig9Sr#fi8LriftB^-r-5o **ife<£>?gffi<E> 

[0071] ^sif^HftWFffifc^-^rtcB^att 

[0 0 7 2] m9^-r^V°ti-^8timi <7>*&fi<E>ff2 
ffitCfcttSEU (B) b<Dftmi*3£^>— * 3 8^3tS 
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^) wf^-^i i o t^mm^^-t^^— zf% 

[0 0 7 3] i l l b^~—y*i l o kteMz-li 

m&Lxmmmi 1 2 n-o^o 

^6 4C0^St-f^^tf 1 1 l co^^v =*®;<D$$&%Wc 
[0 0 7 4] *fc, ^6 4cOrtffl-Cl->X^^^ 

^^W^r^— V^co{-tfc*9tC$tALTt^V\ 
^^I^Io^fcl^(aiy-7 6 4 lllli 

U frb^v— ^6 4*itf 1 1 l^p^l 1 3tC 

[0 0 7 5] ^/z. ^co^Rn— ^ V^gpi 14lrt 

fc^= — ^ ^ > ^Sfutc#jp lt mmvf&mmmxm 

^M^^ii:. ^ 1 co^co^com 5 (A) tc:*5tt5JB 

[0076] 3g(c v-— ^ 6 4 (omayt • «*3tcoSia 

4^a^JKW^»*fl:#«JK*-e»«Sixfc 

30 <n%^m^-m*m<DK%ti t <D^m&Mic x % ^—.^ 

[0 0 7 7] *l^fecO?F^^j:tbti\ J^L/cg^£r» 

[0 0 7 8] D . m 1 <^*lE^ffi<D^->— ^ 3 
8 — ^6 4 ^P f: 3®^^oV^Tt>. 

^. — ^6 4«B5>SrX»BriiBJc-r5^i:fcj; 9«*5dSpT«B 

[0 0 7 9] Jfc**^^^^— ^rtffiOftftfc 

40 m-mn^—^^^^ui 1 4 ^15^-5 r t-t?, ^Mtc 

[0 0 8 0] (^3 OHlffitf>Jg1S) 3 (7) 

50 [0 0 8 1 ] gjl 0l±*l(O3tK*^h;^Si:»2<D3fc 
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[oo8 2] ^mmmm^isn^m2(Diy>v/^- 

iC^^rRi^SWStbSo ^^1^7—1 i 7^p> 
cOTfefi^— X^7-l l 8tcJ:9SU^K7-l 1 7 

Xl 2 0fCAft~r5 o 10 
[0 0 8 3J 1 8*3— «j;*7-f Xl 2 1 

o fitter ^—^7—1 1 s^^wcx^-t^ 

fRl^ttgft-efct). Stt^ 7 — 1 1 7 i:=i— 7 — 
1 1 8(OHHi«A5ri'Tf*B*^ft<jEftS* 5 

[0 0 8 4] U^Xl 2 O^AttLfcTfcte:^— 1 2 2 
tciDKttU ^^r^ >Xl 2 3fCAttU Xl-— 
7^>-Xl 2 3l£j;9#3fe;*;ftfc3^u:^Xl 2 4{CJ: 
ot^;wv^^57-l 2 5(a»t5 0 #;wv 

5^>y^-K77^^1 1 5 tCAfti-^o ^//W< 
— 1 2 5 3te»ffiH# 

[0 0 8 5] ni(DmM<Dmmt£isttz>m4 (a) 

*tbSfei*ftiJ^^C0T — A^fcS3t*3E^n— 7*8 
i-Ri* tbtL/c7x 77 n — ^ 52^, #R83tffllJ(OT 
— AiCfc5 7 7 7f- * — 7 — ^ 1 1 9 tiot, 
3£Xn— X8 ^SftMJ; 9 rt95{rfc-5^^-<^^SjSft-t- 

£ fi, "Rapid acquisition of in vivo biological i 
mages by use of optical coherene tomography" > G, 
J. Tearney et. al, Optics Letters, vol. 21, NO. 17, p. 1408 
-1410, I996te:i!3^£ti/O^ 0 
[0 0 8 6] IU1 Kif l^Mftt^^f 2^* 

3 1 tcj: DW3tf-3E**^ ^-t^7-H8ia 
9 2 SRI* U ^Xl3 2i:A«t5o 
[0 0 8 7] =r— — 1 1 8tdtt— W^7^Xl 2 40 

l^Ktt^tt, 3!i^-M/yXi3ii:i/yXi3 2 
^7— 1 1 8oraiBSr^^S-^T*3tKS4r^: 

[0 0 8 8] l^^Xl 3 2HA»Lfc*li^y^ ; e- 
V7t-(/< 13 3 tdAttU ^>XA-^e — K77^f^ l 
3 3 7^^a«-Lfc3fe«^^Xl 3 4iC J; 9 X^— 7>f 
y^l2 3lwAWU {fu— xXl 2 3fcJ; 
StbfcJtf^U-VXl 2 4iaoT^WV y — ^ — ^ 7 
-12 5tdAW^-5o #/^V^-?-^ 7—1 2 5^ 
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x-Y^l 1 5ic:Att-r§: 

Xf/w<y y — s? — ^ 7-125 £;£S£-tt5 r <b X <9 

mmcowm t mmcom&xh 5 0 
[oo89] an (a) ^mm^jBMcoyt-f * 

>^fi"Cl#^tlfc^^^-r s ^~^{f 1 2 1 <7)^i>l 
2 2 £rf>>k<b lsTi/-^m<DWtf:<DKMm 12 3 jo J: 
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15 

[0 0 9 7] 9t<DXTiyy'S8X\ ±Et°-^(Z) 1 of 
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(9) «fM 2000-9784 6 

16 

£ J £xytm&$5k L,X<D7* b<?4yf- K 1 2T*S:3fc-r 

[0 10 5] **Jte<7)Jgffi(7>3fe^Xn-^8^ 
02 2 (A) f^1- 0 ^-^SSfiRdfa-^l 
8 l ^*^5fe*S£Bi9ftttfcjfeiS^^yy l 8 2i:H 
* t> , 3 8 F^605fe*«J£fi^3fe3t^^SiR|fl 

10 [0106] 9,022 fr^rT J: 5 tC. {£^^14* 
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[0 10 9] te^tt*^co»fJi«<7?*^Sr?T5«^£ 
40 I7n^8&iU rtHi^tolP^^jfe^S/P 

[0110] ^LT, ffiT^tt^^^^Offi^tt^ 
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[0128] 2-1-1. MSS^T. 
-¥ y X^fttt • A»^fcJ?>O3t^Sr*i-S 0 
[0129] 2-1-1-1. #15 2-1 kl^T. » 

[0 13 0] 2-2. #|E2ic:*3V^T s :>-J*<D^#< 

[0131] 2-2-1. #fB2-2tCjo^T. ^r— ^ 
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(#E2-2(Of^ffl) ^-^rtSfcJt^^ftWasW^ 
(#152-1-1 -lcof^) »ALfc}ftfrS:ii-t-fc«) 
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3 — l - l . #E 3-1 ^c:^oV^T, v-— yu^s#tt<*:tffll 
3-1-2. f+E3 - 1 (C*5V^. -Zfidtt&\mfc*I 

3-2. #fB3^c^6v^x, z/—*<Dmn^i/—^fom 
t ^4 ^ffitt^sre^jsflcsrK-A-r 5 fcfeoaA p #r 
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